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WHAT IS CLAIMED IS : 

1 . A nfethod of cleaning wafer surfaces, comprising the steps of: 
providing a wafer surface bearing overlying material thereon; and 

cleaning the wafer surface by removing at least a portion of the overlying material from 
the wafer surmce by applying an aqueous solution comprising a major amount of one or more 
inorganic fluoiine-comprising compounds and one or more organic acids in a ratio of about 
100:1 to about 155:45, the solution having a pH of about 3 to about 9, such that the surface of the 
wafer is rendered substantially hydrophobic. 

2. The Vnethod of Claim 3, wherein the overlying material on the surface of the wafer 
comprises a lpw-k dielectric layer, and the step of cleaning the wafer surface comprises 
removing the Mielectric layer at a rate of greater than about 1000 angstroms per minute. 

3. The memod of Claim 2, wherein the aqueous solution comprises one or more 
hydrofluoric aciM and one or more organic acids in a ratio of about 2: 1 (v/v), such that the 
dielectric layer is\removed at a rate offabo^it ^500 angstroms per minute. 

4. The method of Claim 2, wherein tHe ackieous solution comprises at least ammonium 
fluoride and one or more organic acids\m a ratioNpf about 2:1 (v/v). 

5. The method of Claim 1 , wherein me overlying material on the surface of the wafer 
comprises a low-k dielectric layer, and the Vep of cleaning the wafer surface comprises 
removing the dielectricyayer from the wafer surface at a rate of about 50 to about 
1000 angstroms per minute. 


6. The method of Cla\m 5, wherein the aqueous solution comprises at least hydrofluoric 
acid and one or more organic acids in a ratio of about 1 :2 (v/v), such that the dielectric layer is 
removed at a rate of about 400 to about 600 angstroms per minute. 
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7. The method of ClainA 5, wherein the aqueous solution comprises at least ammonium 
fluoride and one or more organic acids in a ratio of about 2:1, such that the dielectric layer is 
removed at a rate of about 50-150 angstroms per minute. 


8. The method of Clairfi 
comprises a low-k dielectric 
step of cleaning the wafer surface 
layer at a rate of about 50 tc 


9. The method of Claiih 
acid and one or more organic 
removed at a rate of about 


400 


1, wherein the overlying material on the surface of the wafer 
layer, and a photoresist layer overlying the dielectric layer and the 

comprises removing the dielectric layer and the photoresist 
about 1 000 angstroms per minute. 


1 0. The method of Claiih 
fluoride and one or more or 
is removed at a rate of about 



a<}ijeous solution comprises at least hydrofluoric 
c f about 1:2 (v/v), such that the dielectric layer is 
angstroms per minute. 


9, wher&jn the aqueous solution comprises at least ammonium 
*anic acids in a ratio of about 2:1 (v/v), such that the dielectric layer 
100 angstroms per minute. 



11. The method of Claim 1, wherein the composition is an aqueous solution consisting 
essentially of the one or more in organic fluorine-comprising compounds and the one or more 
organic acids. 

A method for surface treating wafer surfaces, comprising the steps of: 
providing a wafer surface having a low-k dielectric layer disposed thereon and a 
photoresist layer Averlying the dielectric layer; and 

treating thdwafer surface to remove at least a portion of the dielectric layer with minimal 
removal of the photoresist layer, by applying an aqueous solution of one or more inorganic 
fluorine-comprising Compounds and one or more organic acids, the solution having a pH of 
about 3 to about 9, suah that the dielectric layer is removed selective to the photoresist at a rate 
of greater than about 1Q00 angstroms per minute. 
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13. The method of Claim 12, wherein the aqueous solution comprises at least hydrofluoric 
acid and the one or more organic acids in a ratio of about 2:1 (v/v), such that the dielectric layer 
is selectively removed at a rate of about 2300 to about 2700 angstroms per minute. 

14. The method of Claim 1 2, wnerein the aqueous solution comprises at least ammonium 
fluoride and the one or more organit acids in a ratio of about 2:1 (v/v). 


15. A method for siirface 

providing a wafer 
photoresist layer overling 

treating the waftr 
removal of the photoresist 
fluorine-comprising co 
having a pH of about 3 
photoresist at a rate of ; 


treating wafer surfaces, comprising the steps of: 
surface having a low-k dielectric layer disposed thereon and a 

the dielectric layer; and 
surface to remove at least a portion of the dielectric layer with minimal 
layer, by applying an aqueous solution of one or more inorganic 
npounds and one or more organic acids in a ratio of about 1 :2 (v/v), and 
to about 9 such that the? dielectric layer is removed selective to the 
bout 50 to about 10(A) angstrbms per minute. 


16. The method of C laim 15, wherein/th/ aqueous solution comprises at least hydrofluoric 


acid, and the dielectric l^yer is selectivel 
per minute. 


17. The method of C 
fluoride and the one or m 
layer is selectively remov 


yfemoved at a rate of about 400 to about 600 angstroms 


aim 15, whereim the aqueous solution comprises at least ammonium 
>re organic acids in a ratio of about 2:1 (v/v), such that the dielectric 
d at a rate of atjout 50 to about 1 50 angstroms per minute. 


18. A post-etch cleaning to selectively remove a low-k dielectric material from a wafer, 
comprising: 

irface having a layer of the low-k dielectric material disposed thereon 
lying the dielectric layer; and 


providing a wafer s 
and a photoresist layer ove: 
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treating the wafer surface to remove at least a portion of the dielectric layer, by apply an 
aqueous solution of a least one inorganic fluorine-comprising compound and at least one organic 
acid component in a ratio of about 1 :2 (v/v), the solution having a pH of about 3 to about 9, such 
that the removal rate of the loyv-k dielectric material is controlled at about 50 to about 
1000 angstroms per minute. 



19. A method of cleaning! wafer surfaces, the method comprising the steps of: 
providing an aqueous solution j&Dmprising at least one inorganic fluorine-comprising 

compound and at least one organic a/id; 

providing a wafer h^ing antamrfisked low-k dielectric material disposed on at least a 
portion of one surface; and 

contacting the surfa :e of thd wafer having the low-k dielectric material thereon with the 
aqueous solution under conditions effective to remove at least a portion of the low-k dielectric 
material at a rate of greater than about 1000 angstroms per minute. 

20. A method of cleaning wafer surfaces, the method comprising the steps of: 
providing an aqueous solution comprising at least one inorganic fluorine-comprising 

compound selected from the group consisting of hydrofluoric acid and ammonium fluoride, and 
mixtures thereof; and at least one organic acid selected from the group consisting of citric acid, 
acetic acid, ascorbic acid, and mixtures thereof; 

providing a wafer having a low-k dielectric material disposed on at least a portion of one 
surface; and 

contacting the suVface of the wafer having the low-k dielectric material thereon with the 
aqueous solution under conditions effective to remove at least a portion of the low-k dielectric 
material at a rate of about 50 to about 1000 angstroms per minute. 


21 . The method of Claim >20, wherein the aqueous solution comprises about 30 % to about 70 
% by volume of the fluorine-cqmprising compound, and about 30 % to about 
70 % by volume of the organic acid, based on the total volume of the solution. 
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22. The method of (Slaim 20, wherein the aqueous solution includes at least hydrofluoric acid 
and at least one organic acid in a ratio of about 1 :2 (v/v), to remove at least a portion of the low-k 
material at a rate of aboi^t 400 to about 600 angstroms per minute. 

23. The method of ClAim 22, wherein tfr&aqueous solution includes about 30 to about 40 % 
by volume of hydrofluoric* acid, and abou/60tto abofut 70 % by volume of the organic acid. 


24. The method of ClaiAi 20, whereiA th^aqkeous solution includes at least ammonium 
fluoride and at least one ordanic acid in a*ratio ofVbout 2:1 (v/v), to remove at least a portion of 
the low-k material at a rate df about 50 to about 150 angstroms per minute. 


4 



25. The method of Claim |24, wherein the aqueous solution includes about 60 to about 70 % 
by volume of ammonium fluoride, and about 30 to about 40 % by volume of the organic acid. 

26. A method of cleaning wafer surfaces, the method comprising the steps of: 
providing an aqueous solution comprising an inorganic fluorine-comprising compound 

selected from the group consisting of hydrofluoric acid and ammonium fluoride, and mixtures 
thereof; and an organic acid selected from the group consisting of citric acid, acetic acid, 
ascorbic acid, and mixtures thereof; 

providing a \^pfer having a low-k dielectric material disposed on at least a portion of one 
surface; and 

contacting the iurface of the wafer having the low-k dielectric material thereon with the 
aqueous solution under\conditions effective to remove at least a portion of the low-k dielectric 
material at a rate greateAthan about 1000 angstroms per minute. 


27. The method of CI 
and one or more organic a 


Mm 


26, wherein the aqueous solution includes at least hydrofluoric acid 
ids in a ratio of about 2:1 (v/v). 
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28. The method of Claim 27, wherein the aqueous solution includes about 63 to about 70 % 
by volume of hydrofluoric acid, and about 30 to about 36 % by volume of the one or more 
organic acids. 1 

29. The method of Claim 26, wherein the aqueous solution includes at least ammonium 
fluoride and one or more drganic acids in a ratio of about 2:1 (v/v). 

30. The method of Claim 26, wherein the aqueous solution includes about 63 to about 70 % 
by volume of ammonium fluoride, and about 30 to about 36 % by volume of the one or more 
organic acids. 

31. A method of surfacl treating wafer surfaces, comprising the steps of: 

C| providing a wafer surface having a low-k dielectric layer disposed thereon and a 

Q\ photoresist layer overlying the dielectric layer; and 

Z j providing an aqueoits composition comprising at least one inorganic fluorine-comprising 

Jl compound, and a major amdunt of one or more organic acids; and 

Ul contacting the surfacb of the wafer having the low-k dielectric and photoresist layers 

^ thereon with the composition under conditions effective to selectively remove the photoresist 
□l layer while leaving the low-k layer essentially intact on the substrate. 

32. The method of Claim R 1 , wherein the composition comprises an aqueous solution of at 
least hydrofluoric acid and th<J one or more organic acids in a ratio of about 1 : 1 00 to about 45:55 
(v/v), such that the composition removes the photoresist mask completely from the surface 
selective to the dielectric layer! 

33. The method of Claim 3 1, wherein the inorganic fluorine-comprising compound is 
selected from the group consisting of hydrofluoric acid, ammonium fluoride, and mixtures 
thereof; and the organic acid is delected from the group consisting of citric acid, gallic acid, 
acetic acid, formic acid, propionic acid, n-butyric acid, isobutyric acid, benzoic acid, ascorbic 
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acid, gluconic acid, malictacid, malonic acid, oxalic acid, succinic acid, tartaric acid, and 
mixtures thereof. 


34. The method of Claim 3 1 , wherein the organic acid is selected from the group consisting 
of citric acid, acetic acid, ascorbic acid, and mixtures thereof. 


35. The method of Claim 3 1 , wherein the step of contacting the surface of the wafer 
comprises immersing the wafer in a bath of the composition, spraying the surface of the wafer 
with the composition, exposing the wafer to a vapor, or any combination thereof. 


36. AVnethod of cleaning wafer surfaces, comprising: 

formulating an aqueous composition for selectively removing at least a portion of a low-k 
dielectric laVer from a wafer surface at a predetermined rate, the composition consisting 
essentially oj one or more inorganic fluorine-comprising compounds and one or more organic 


to about 9; 

a low-k dielectric material disposed on at least a portion of one 


acids, and having a pH of about 
providing a wafer having 
surface; and 

contactiife the wafer haviik the/ow\c dielectric material thereon with the composition 
under conditions Effective to remote it least a portion of the low-k dielectric material at the 
predetermined rata 


37. The method of Claim 36, wherein the inorganic fluorine-comprising compound is 
selected from the grokp consisting of hydrofluoric acid, ammonium fluoride, and mixtures 
thereof; and the organic acid is selected from the group consisting of citric acid, acetic acid, 
ascorbic acid, and mixtures thereof. 


38. 


The method of C 


21aim 3(ywLerei 


erein the composition is formulated to remove the dielectric 


layer at a rate greater tha^ about V OOQ angstroms per minute. 
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39. The method of Claim 36, wherein the composition is formulated to remove the dielectric 
layer at a rate of about 50 to abput 1000 angstroms per minute. 

40. The method of Claim ^6, wherein at least a portion of the low-k dielectric layer is 
unmasked. 

41 . The method of ClainJ 36, wherein at least a portion of the low-k dielectric layer is 
masked by an overlying lay^r of photoresist. 

42. The method of ClaiAi 4 1 , wherein the composition is formulated to remove the dielectric 
layer and the photoresist lafrer from the surface of the wafer, such that the surface of the substrate 
is rendered substantially hydrophobic. 

43. The method of Claim 41, wherein the composition is formulated to remove the dielectric 
layer selective to the photoresist at a vitespf about 50 to about 1000 angstroms per minute. 


44. The method of Clkim 4 1 , wh 
layer selective to the photoresist at a 


45. A method of cleaning wafer 


rein tjhe composition is formulated to remove the dielectric 
rate^of greater than about 1000 angstroms per minute. 


surfaces\ comprising: 


formulating an aqueous composition for selectively removing at least a portion of a low-k 
dielectric layer disposed on the waferi surface at a predetermined rate, the composition consisting 
essentially of one or mdre organic fluorine-comprising compounds and one or more inorganic 
acids, and having a pHJof about 3 to about 9; 

providing a wajer having a low-k dielectric material disposed on at least a portion of one 
surface; and 

contacting the tvafer having the low-k dielectric material thereon with the composition 
under conditions effective to remove at least a portion of the low-k dielectric material at the 
predetermined rate. 
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46. The method of ClairA 45, wherein the organic fluorine-comprising compound is selected 
from the group consisting of hydrogen fluoride pyridinium, triethylamine trihydrofluoride, 
tetramethylammonium fluoride, and mixtures thereof 

47. The method of Cldm 45, wherein the inorganic acid is selected from the group consisting 
of sulfuric acid, nitric acid, hydrochloric acid, phosphoric acid, and mixtures thereof. 

48. The method of Claim 45, wherein the composition is formulated to remove the dielectric 
layer at a rate greater than about 1000 angstroms per minute. 


49. The method of Ulaim 45, wherein the composition is formulated to remove the dielectric 
layer at a rate of about 30 to about 1 000 angstroms per minute. 

50. The method of Claim 45, whereirf at lehst_a portion of the low-k dielectric layer is 
unmasked. 


t a portion of the low-k dielectric material is 



5 1 . The method of {Claim 45, whe^i 
masked by an overlyiWg layer of photon sist 


52. The method of Claim 5 1 , wherein the composition is formulated to remove the dielectric 
layer and the photoresist layer from the surface of the wafer such that the surface of the substrate 
is rendered substantially hydrophobic. 

53. The method of Claim 5 1 , wherein the composition is formulated to remove the dielectric 
layer selective to the photoresist at a rate of about 50 to about 1000 angstroms per minute. 

The method c f Claim 51, wherein the composition is formulated to remove the dielectric 
layer selective to the photoresist at a rate of greater than about 1000 angstroms per minute. 
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A composition for cleaning or treating a surface of a semiconductor wafer, comprising: 
an aqueous solution of a major amount of one or more inorganic fluorine-comprising 
compounds and one or more organic acids in a ratio of about 100:1 to about 55:45 (v/v), to 
remove organic material and ljow-k dielectric material from the surface of the wafer whereby the 
surface of the substrate is renflered substantially hydrophobic; the composition having a pH of 
about 3 to about 9. J 

^ J & 

V S^. The composition of Claim 54, wherein the inorganic fluorine-comprising compound is 
selected from the group consisting of hydrofluoric acid, ammonium fluoride, and mixtures 
thereof. 

The composition of [Claim ^wherein tfie Organic acid is selected from the group 
consisting of citric acid, gal ic acid, acetic acid/ formioacid, propionic acid, n-butyric acid, 
isobutyric acid, benzoic acid, ascorbic acid, gl 1 lconi^acid, malic acid, malonic acid, oxalic acid, 
succinic acid, tartaric acid, iind mixtures there : 


The composition of 


^57. The composition of Claim $4, wherein V le organic acid is selected from the group 
consisting of citric acid, acetic acid, ascorbic ac^d, and mixtures thereof. 


<=>s 


N ^8. The composition of Claim $4, wherein the aqueous solution consists essentially of the 
one or more inorganic fluoiine-comprising compounds and the one or more organic acids. 


u £ 5 

Claim 54, wherein the aqueous solution includes at least hydrofluoric 


^5$. The composition of 
acid and at least one organic acid in a ratio of about 1 :2 (v/v). 


Claim 5^, wherein the aqueous solution includes about 30 to about 


40 % by volume of hydrofluoric acid, and about 60 to about 70 % by volume of the organic acid. 
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^ . The composition of Claim ^4, wherein the aqueous solution includes at least ammonium 
fluoride and at least one organic acid in a ratio of about 2:1 (v/v). 

The composition i>f Claim &1, wherein the aqueous solution includes about 60 to about 


70 % by volume of ammonium fluoride, and about 30 to 40 % by volume of the organic acid. 

u I 

A composition for cleaning or treating a surface of a semiconductor wafer, comprising: 
an aqueous solution of a major amount of one or more organic fluorine-comprising 
compounds and one or mor ; inorganic acids in a ratio of about 1:5 (v/v), to remove organic 
material and low-k dielectri : material from the surface of the wafer such that the surface of the 
substrate is rendered substantially hydrophobic; the composition having a pH of about 3 to about 
9. 

^ .. 1 ^ 

<^4. The composition of (tlaim 63, whef&n the organic fluorine-comprising compound is 
selected from the group consisting of hydrogW fluoride pyridinium, tetramethylammonium 
fluoride, triethylamine trihydrofluorideiand/Wixtures thereof. 


0^5. The composition of Claim 63, w 
consisting of sulfuric acid, nitric acid, h; 


1 


erein me inorganic acid is selected from the group 
rochloric acid, phosphoric acid, and mixtures thereof. 


\6. The composition of Claim 6£, wherein the aqueous solution consists essentially of the 
one or more organic fluorine-cbmprising compounds and the one or more inorganic acids. 


A composition for surface treating wafer surfaces, comprising: 
an aqueous solution of a major amount of one or more inorganic fluorine-comprising 
compounds and one or more organic acids to remove organic material and low-k dielectric 
material from the surface of thelwafer, such that the dielectric layer is removed selective to the 
photoresist at a rate of about 50 p about 1000 angstroms per minute; the composition having a 
pH of about 3 to about 9. 
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ty. The composition of Clafci &7, wherein the aqueous solution comprises at least 
hydrofluoric acid, and the dielec tric layer is selectively removed at a rate of about 400 to about 
600 angstroms per minute. 

The composition of Claim wherein the aqueous solution comprises at least 
ammonium fluoride and the on ; or more organic acids in a ratio of about 2: 1 (v/v), such that the 
dielectric layer is selectively removed at a rate of about 50 to about 150 angstroms per minute. 

aim fi^7 5 wherein the composition is an aqueous solution consisting 
n organic fluorine-comprising compounds and the one or more 


N 7^. The composition of C 
essentially of the one or more 
organic acids. 

^ i 

7^ . A composition for surface treating 

an aqueous solution o 
compounds and one or more 


a major amo 
organic acids 


material from the surface of the wafer, sue 


photoresist at a rate up to thai 
about 3 to about 9. 

\2. The composition of C 
hydrofluoric acid and the one 
dielectric layer is selectively 

The composition of C 
ammonium fluoride and the 
dielectric layer is selectively 


about 1000 



surfaces, comprising: 
ne or more inorganic fluorine-comprising 
ve organic material and low-k dielectric 
dielectric layer is removed selective to the 
stroms per minute; the composition having a pH of 


aim\l, wherein the aqueous solution comprises at least 
or more organic acids in a ratio of about 1 :2 (v/v), whereby the 
emoved at a rate of about 400 to about 600 angstroms per minute. 

aim 7\, wherein the aqueous solution comprises at least 
o(ne or more organic acids in a ratio of about 2: 1 (v/v), whereby the 
Removed at a rate of about 50 to about 150 angstroms per minute. 
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74. The composition of Claim -wherein the composition is an aqueous solution consisting 
essentially of the one or more intorgaM^uorine-comprising compounds and the one or more 


organic acids. 
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